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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: CARMEL MAIN AND AUXILIARY DAMS
(I.D, NO. 29)
State Located: NEW YORK
County Located: PUTNAM COUNTY
Stream: WEST BRANCH, CROTON RIVER
Date of Inspection: 24 APRIL 1978
ASSESSMENT

The examination of available documents and visual inspection of
Carmel Main and Auxiliary Dams and their appurtenant structures did not re-
veal conditions that are considered to be unsafe. Some deficiencies and in-
adequucies related to maintenance and operation were observed.

The total dlécharge capacity of the spillway and regulatory outlets
at maximum pool level is approximately 37,000 cfs. This is less than the
estimated probable maximum flood (PMF) of 59,000 cfs, but greater than the
standard project flood (SPF) of 22,700 cfs, both as determined by the Corps
of Engineers Screening criteria. The project discharge capacity is therefore
adequate in accordance with the Corps of Engineers adopted general prin-
ciple that structures be designed for the maximum flood reasonably charac-
teristic of the region, which is, in practice, the Standard Project Flood.

No remedial measures are required at the present time.

The following improvements are recommended;

- Correct spillway seepage at Main Dam

- Observe and/or correct seepage at left abutment of Main Dam
- Remove vegetation from the embankments

- Clean the Auxiliary Dam drainage outlets

- Repair 36-in. gate valve at Auxiliary Dam

= Develop programs for operation and maintenance

Eugene O'Brien
New York No, 29823

Approved By: ’ rk 1. Benn

New York District Engineer
Date: ;/ 7 f/
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
CARMEL MAIN AND AUXILIARY DAMS
INVENTORY NO. 29

CROTON RIVER BASIN

PUTNAM COUNTY, NEW YORK

SECTION I PROJECT INFORMATION

L GENERAL

a. Authority
The Phase I Inspection reported herein was authorized by the

DEPARTMENT OF THE ARMY, NEW YORK DISTRICT, CORPS OF ENGINEERS by
letter dated 31 March 1978, in fulfillment of the requirements of the National
Dam Inspection Act, Public Law 92-367, 8 August 1972,

b. Purpose of Inspection
The purpose of this inspection and report is to investigate and
evaluate the existing conditions of subject dam in order to: identify defic-
iencies and hazardous conditions; determine if they constitute hazards to
human life or property; and notify the State of New York of these results along &
with recommendations for remedial measures where necessary.

1.2 DESCRIPTION OF THE PROJECT

a. Description of the Main Dam
Carmel Main dam is composed of two earth embankment seg-

ments built on the sides of a masonry spillway. The upstream slope of the
embankments is 1 (V): 2 (H) and the downstream slope is 1 (V): 2.36 (H). The
width of the crest is 15 feet. The length of the embankment segment left
of the spillway (looking downstream) is 1099.5 ft and on the right 435 ft. The
maximum height of the embankment is 83 ft on the left and 86 ft on the
right. Both embankments have a vertical masonry central core wall which ex-
tends through the entire length of the right embankment and a substantial dis-
tance into the left embankment, The width of the core wall is 55 ft at the base
and 4 ft at the top; its maximum height is 77 ft, The downstream slope, crest
and approximately a 10 ft wide top portion of the upstream slope are covered
with grass; the remainder of the upstream slope is covered by hand placed
cut stone slope protection.

The spillway is an ungated structure built of masonry rubble and
faced with regular courses of cut stone which on the downstream slope are
stepped. The width of the spillway is 260 ft and its crest at E1 503. The

-
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structural height between stream bed and crest is 55 ft.

The regulating outlet system is composed of a double, parallel
arrangement located in the gate house which is to the left of the spillway. The
outlets are controlled by four manually operated 24-in. x 60-in. sluice gates,
two on the upstream side and two on the downstream side. The intakes to the
regulating outlets are located at El 456, El 476 and El 496. The high level in-
takes are presently closed by stop logs. The outlet has two discharge openings
at El 456.

b. Description of the Auxiliary Dam

The Auxiliary dam is an earthfill structure with the following
dimensions: crest width: 25 ft, upstream slope, 1 (V): 2(H): down-
stream slope, 1 (V): 2.5 (H). The downstream slope is grass covered ex-
cept for a portion near the toe which is covered by stone protection, indicating
the possible presence of a toe drain which is probably associated with the
foundation drainage system described below. The crest is paved since Route 6
passes over this embankment. The upstream slope, below a 10 ft wide grass
covered strip near the crest, is protected by hand placed cut stones. The
length of the embankment is 749 ft and its maximum height is 65 ft. There
is a masonry rubble center core wall in this embankment; the wall is 12 ft
wide at the base, 5 ft wide at the top, and has a maximum height of 66 ft.
A foundation drainage system, composed of several branches collects the
under-seepage and the water is directed to collector vaults where it is taken
away in underground conduits. The collector vaults and conduits, which are
outside of the embankment, are built of cut stones and form 18 inch square
sections at most places. There is a larger brick-stone enclosure for a former
spring located near the left abutment contact, which also serves as one of
the collector points for the system.

There is no spillway at the Auxiliary dam.,

The low level outlet is a 3 ft diameter masonry conduit leading
from the upstream toe to a central gate house and shaft where a 24 in, x 60~in.
manually operated sluice gate controls the flow. Inside the gate house the
low level conduit at El 460 joins a high level intake located at El 496, At
present, the upper intake is closed by stoplogs. Downstream of the gate
house, the outlet consists of a 36-in. pipe inside a brick conduit which
terminates in a valve vault located at the downstream toe. The downstream
control for the low level releases is a 36-in, gate valve located in this
vault,

Downstream of the vault, the 36-in. pipe continues underground
and discharges into a circular fountain.

B
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c. Location
Carmel Main Dam is located on the West Branch of the Croton
River about 1.5 miles southwest of Carmel, New York. The auxiliary dam
was built over a small tributary of the West Branch, and it is located about
1.2 miles southwest from the Main Dam. The portion of Route 6 between
Carmel and Mahopac passes on the right abutment of the main dam and over
the crest of the auxiliary embankment.

d. Size Classification
The main dam is 62 ft high and the auxiliary dam is 50 ft high.
Both dams are therefore classified as "intermediate" size (between
40 and 100 feet).

e. Hazard Classification
The dams are in the "high" hazard potential category.

f. Ownership
The dams on the West Branch reservoir are owned and operated

by the Bureau of Water Supply (BOWS) of the City of New York. The operation
and maintenance is managed by the Carmel Section Office of the East-of-Hudson
Division of BOWS,

g. Purpose of Dam
The dam provides storage for the New York City water supply

system.

h. Design and Construction History
The main and auxiliary dams and their appurtenances were de-
signed by the Aqueduct Commission of New York. The contract for the con-
struction was let in 1890 to M.S. Coleman and the construction com=~
pleted in 1895.

i. Normal Operating Procedures
Water is released through the regulating facilities of the two

dams into the West Branch of the Croton River which carries the water to
Croton Falls Main Reservoir. The approximate quantities released are 5 mgd
at the main dam: and 2 mgd at the auxiliary dam, A much larger quantity how-
ever, approximately 180 mgd, is discharged from the reservoir into the New
York City water supply system by releasing water into the Delaware Aqueduct
at Shaft 10 which is located to the left and near the Auxiliary dam.
Delaware Aqueduct, located near the upstream end of the reserveir, is capable
of releasing water into the West Branch Reservoir; this inlet, however, is
usually closed.




1.3

a.

b.

PERTINENT DATA

Drainage Area - sq. mi.

Discharge at Dam Site - cfs
Maximum known flood at site

(Oct. 16, 1955)

Maximum regulatory outlets
Discharge at Shaft 10

Ungated spillway at maximum pool
(E1 515) 36
Total discharge capacity, at
maximum pool

Elevation: feet above MSL

Top of embankment

Normal Operational Pool
Maximum design pool (top of
slope protection)

Spillway crest

Stream bed downstream of dam

Reservoir

Length of maximum pool, miles
Length of shoreline at spillway
crest level, miles

Surface area at spillway crest
level, acres

Storage acre-feet

Top of spillway crest, E1.503
Maximum design pool - top of
slope protection E1.510

Maximum pool - top of dam, E1.515

Dams
Type: Earthfill embankment with masonry

Rubble Core Wall
Length, ft.
Upstream Slope
Downstream Slope
Width of Crest, ft,

Main Dam Auxiliary Dam
42.87
3,600
700 175
285
,000 -
37,000+
515.0 515.0
502.0 502.0
503.0 503.0
450.0 450.0
3.0
15.6
1082.8
30,900
38,200
42,300
1534.5 749
1(V): 2(H) 1(V): 2(H)
1(V): 2.5(H) 1(V): 2.36(H)
15 25




Main Dam Auxiliary Dam
Impervious Core: Rubble Masonry
Bottom Width, ft. 55 12
Top Width, ft. 4 5
Maximum Height, ft. 86 65

Sgillwayi'
Type: Ungated - stepped downstream face

Length, ft: 260 =
Upstream Channel: None

Downstream Channel: 435 ft long;

60 ft wide to Rt. 6.

Regulatory Outlets

At Main Dam: Intakes on three-levels
controlled by two 24-in. x 60-in. sluice
gates. Double outlet conduits controlled

by two 24-in. x 60-in. sluice gates.

At Auxiliary Dam: Two-level inlet con-

trolled by 24-in. x 60-in. sluice gate. 36-in.
downstream discharge pipe controlled by 36-in. .
diameter gate valve,

At Shaft 10: Six 4 ft x 12 ft sluice gates dis-
charging into Delaware Aqueduct.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

a. Geology and Foundation Conditions

There is no information on site geology or foundation conditions
in the files of the Bureau of Water Supply. The report to the Aqueduct Com-
missioner (Reference 9) which contains the as-built drawings, also has a
number of photographs taken during construction. These photographs give
some indication of the foundation condition. The project drawings included
in the report to the Aqueduct Commissioner indicate that the spillway and
part of the central core wall adjacent to the spillway are resting on bedrock
but the embankment and the rest of the core wall may be founded probably on
surficial glacial deposits. There is no record of a foundation investigation
program made prior to construction and there are no data on exploratory bor-
ings.

The geology of the region has been studied in detail in the past
and data concerning the general geological conditions of the area can be
found in the literature (References 8 and 9).

The site of West Branch Dam and Reservoir is underlain by a
series of Precambrian formations, primarily granitic gneisses and paragneisses.
These formations are considered to be excellent foundation materials for water
retaining or other engineering structures. In most parts of the area, there is
only a shallow surficial deposit over the rock. A minor fault is indicated
in the area of the reservoir, it passes near the left abutment of the main dam.
The fault, which is thought to be inactive, strikes in the NW-SE direction.

b. Embankments and Appurtenant Structures

The two dams and their appurtenant structures located on the
West Branch Reservoir were designed in 1890 by the Aqueduct Commission
of New York. The original contract drawings differ from the as-built condi-
tions, in many respects. Another set of drawings is included in the Aqueduct
Commission's report, 1887-1895 (Reference 9); these drawings more accurately
reflect the as-built structures., In addition, a drawing was located at the BOWS
offices which shows the layout of the foundation drainage system at the Aux-
iliary Dam. The list of drawings examined during this investigation is given
in the Appendix. The general approach employed in the design of these dams
is described in E. Wegmann's book (Reference 1).

2.2 CONSTRUCTION RECORDS

There is little information available on the construction; the Aqueduct
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Commission Report 1887-1895 (Reference 9) contains data on the bidding ;
process, the contract award and cost. It also contains a short description !
of the construction work which is illustrated in construction photographs

(Plates 18-23, Reference 9).

2.3 OQPERATION RECORD

BOWS records the pool elevations and rainfall daily and also keeps
records of repair and maintenance work orders. No operation and maintenance
manuals exist and there is no written record of inspections.

2.4 EVALUATION OF DATA

The data reviewed is considered adequate for this Phase I investi-
gation. The data has been made available by the BOWS' New York City Office,
the Katonah Office and the Carmel Section Office. Verbal descriptions of the
procedures, and information on the operation and maintenance were also re-
ceived from the District Engineer, Section Engineer and Foreman, who co-
operated with the inspection team in all respects.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General

The visual inspection of Carmel Main and Auxiliary Dams was
made on April 24, 1978, The weather was sunny to partially cloudy; the in-
spection was made S days after the last rainfall., The reservoir level at the

time of inspection was 1 ft below spillway crest, E1.502.

b. Main Embankment and Abutments

The embankment is generally well maintained; there are no
visible signs of major slides, sloughing, erosion, cracks or other distress.
There are no signs of unusual conditions on the abutments which would
adversely effect the functioning of the dam. The following minor irregulari-
ties or deficiencies are noted: (The locations of these observations cor-
responding to the capital letters in parenthesis are marked on the sketches

in the Appendix).

(A) Trees are growing near and at the upstream toe of the

left embankment.

(B) Seepage emerges from the lower portion of the abutment
contact of the left embankment. The water appears near the old paved col-
lector ditch and flows in and near the ditch. The surface of the embankment
and abutment in the area of seepage is wet and soggy. The embankment sur-
face shows minor irregularities which are thought to be made by the maintenance
tractor inthe wet ground. Because of the soggy surface the vegetation was not

cut in the area.

(C) Wet, soggy ground exists but no seepage water appears
at the lower part of the abutment contact of the right embankment ,
Surface irregularities similar to those found at the left abutment were also

noted here.

(D) Some bushes are growing on the downstream slope of the right

embankment near the spillway wall.

(E) There are some animal burrows (approximately 8-in. in dia-

meter) on the left abutment near the embankment contact.

(F) Minor damage has been noted in the stone slope protection

at the far right end of the right embankment,
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(G) The upstream stone slope protection has developed a depres-
sion and a bulge to the right of the spillway. In this area there is a crack in
the slope protection which is associated with the slight downward movement
of the stones.

c. Auxiliary Embankment and Abutments
The auxiliary embankment is well maintained and it is in good
condition. There are no signs of problems or adverse conditions on the two
abutments. This embankment has a foundation drainage system which is ap-
parently still functioning. The following minor irregularities and deficiencies
are noted:

(H) The access vaults and manholes of the drain system are
partially clogged with debris, sand and leaves. The seepage measuring weirs
of the system are not operational.

() There is minor erosion made by surface runoff from the high-
way on the downstream slope near the left abutment contact.

(J) The stone protection on the upstream slope has developed
some minor damage on both sides of the gate house,

(K) Some saplings and bushes are growing on the upstream slope.

d. Spillway
The spillway structure appears to be sound and in acceptable

operating condition. There are no significant cracks or signs of major defor-
mations or movements. Some of the facing stones are slightly weathered but
in satisfactory condition. The top two rows of facing stones were replaced
in the early 1950's.

The following deficiencies are noted:

o (L) Although the inspection was made at a time when the reser-
voir level was below spillway crest, considerable amounts of water were cas-
cading on the downstream face of the spillway. The water emerged from be-
tween the joints of stones facing the spillway at all levels but the heaviest
flow came from the joints of the top 2 or 3 layers.

(M) The top two layers of surface stones have been dislocated
from their original position and pushed (probably by ice) downstream, The
alignment of these two rows of stones has a downstream curvature.

e. Regulating Outlets
The operating gates of the main and auxiliary dams appear to
be in working order, except:

¢ -9~
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(N) The 36-in. gate valve at the auxiliary dam is broken and
stuck in a partially open position.

_ The brick conduit that surrounds the 36-in. outiet pipe inside
the downstream portion of the embankment is in good condition and shows
no signs of structural damage or distress.

There is no regular inspection schedule and maintenance program
in effect.

The outlet facilities at Shaft 10 were constructed in 1949, much
later than those at the two embankments. The facilities at Shaft 10 are
regularly inspected, maintained and repaired.

f. Downstream Channel
At the main dam the downstream channel appears to be in good
condition with no signs of erosion or slope failure.

(O) The stream bed and its banks downstream of the auxiliary
dam are cluttered with debris and are overgrown with vegetation.

g. Reservoir
There are no noticeable sloughing,landslides or other signs
of instability in the reservoir area adjacent to the dam,

3.2 EVALUATION OF OBSERVATIONS

The Phase I inspection did not reveal any condition which would
significantly affect the safety of the dam or would require either immediate
investigation or remedial measures. The irregularities and deficiencies des-
cribed above require regular observations, some improvement and maintenance
work.

The seepage through the spillway structure appears to enter the
structure through the joints of the two top rows of dislocated surface stones.
The water either surfaces downstream of these two rows of stones or con-

L tinues downward behind the facing stones and exits through the joints at H
lower levels. While this condition does not appear to represent imminent
danger, if left unattended, may lead to further damage to the structure, par-
ticularly when subjected to freezing and thawing cycles.

The quality of the upstream slope protection is excellent and its
condition is good. There are minor damages located on the slope
near structures, such as gate houses, and spillway walls. The presence
of these structures probably contributes to the disturbing effect of the waves.

T e e AT s

The remedial measures for improving the conditions are given in
Paragraph 7.2,
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SECTION 4 - OPERATIONAL AND MAINTENANCE PROCEDURES

4.1 PROCEDURES

The Carmel Reservoir discharges approximately 180 mgd into the
Delaware Aqueduct of the New York City water supply system through Shaft
No. 10, which is located near the auxiliary embankment.

Smaller discharges of 5 mgd and 2 mgd respectively, are released
through the regulating outlets of the Main and Auxiliary Dams into the Croton
Falls Main Reservoir, which also is a component of the New York City Water

Supply System,

The water level is normally kept 1 or 2 feet below spillway crest
(El1 503). In summer months the reservoir level may drop as much as
15 feet below spillway crest.

4.2 MAINTENANCE OF DAM

i There is no formally established program of inspection by BOWS
personnel and there is no operation and maintenance manual for the project.
The reservoir is visited frequently by the personnel of the Carmel Section
Office but they do not necessarily examine the dam or other project features.

The grass surfaces of the main and auxiliary dams are mowed period-
ically but no regular maintenance procedures are in effect for the masonry
structures and spillway. A system of drains and drain outlets located at
the downstream slope of the auxiliary dam were found to be partially clogged
with leaves and transported sand. Because these drains control the
foundation seepage, it is mandatory that they be inspected and cleaned re~
gularly. The seepage discharge should be monitored and recorded on a sys-
tematic basis.

Sl oo L b v

4.3 MAINTENANCE OF OPERATING FACILITIES

The regulating gates appeared to be in operational condition. The
36~in. diameter gate valve on the auxiliary dam discharge line, however, is
not in working order. The valve stem is damaged and the valve is jammed
in a partially open position. The regulating gates are opened and closed
about every six months to check their functioning.

4.4 WARNING SYSTEMS IN EFFECT

There are no warning systems in effect or in preparation.
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4.5 EVALUATION

The maintenance of the Carmel Dam is considered adequate except
in the following areas:

a, Disrepair of the 36-inch gate valve at the auxiliary dam.
b. Seepage at the top two rows of stones at the spillway sill,

c. Maintenance of the drainage system at the auxiliary dam is less
than adequate.

d. There is some vegetation on the surfaces of the embankments.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

§.1 DRAINAGE AREA CHARACTERISTICS

The drainage area contributing to the West Branch Reservoir is
42.87 square miles and consists of steep hills, interspersed with swamp
and natural lakes typical of a glaciated region. These lakes and swamps
are believed to provide a substantial storage, capable of modifying the peak
flood runoffs.

5.2 SPILLWAY CAPACITY

The spillway is uncontrolled, with a flat crest 260 feet long and
approximately 3.0 feet wide, followed by a stepped downstream face. A
spillway discharge rating, up to a head of 1.5 feet was obtained from the
Department of Water Supply, but it was necessary to extend this table to a
head of 12.0 feet corresponding to the top of the dam. It was assumed that
the spillway would act as a broad-crested weir up to a depth of 5.0 feet,
and as a "sharp-crested” weir above this depth. The computed spillway
capacity at a head of 12.0 feet is 36,000 cfs (839.5 cfs per sq. mi.).

5.3 RESERVOIR CAPACITY

The total reservoir capacity at the spillway crest is 10,070 million
gals (30,900 acre-feet). The storage capacity curve, based on a table fur-
nished by the Department of Water Supply is shown on Figure 2. The capacity
curve has been extrapolated to an elevation corresponding to the top of the
dam (Elevation 515.0 ), and indicates a surcharge storage of 11,400 acre-
feet, which is equivalent to a runoff depth of 5.00 inches over the drainage
basin. This surcharge storage is an important factor in considering the ade-
quacy of the spillway's capacity to pass the design floods.

a. Floods of Record
Historic data of known floods in the Croton River Basin indicates
that the largest floods were those of August and October, 1955. Daily readings
of the head on the spillway crest gave the following data on these floods:

Date Elevation Head Discharge
in feet in feet cfs cfs/sq. mi.
August 21, 1955 504.85 1.85 1800 42
October 16, 1955 505,83 2.83 3600 84
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The records of precipitation at the dams indicates that, in the
August storm, 6.83 inches of rain fell from the eleventh to the thirteenth in-
clusive, followed by 7.17 inches on the 17th and 18th, a total of 14 inches
| in eight days. The October storm was 9.9 inches, occuring in three days,
‘ 14-16 inclusive, and was of greater intensity, 6.77 inches falling on October 15.
However, the spillway discharge was relatively low due to the storage available
in the reservoir prior to the storms, on August 11th and October 14 when the
water surface was 8.78 feet and 1,98 feet below spillway crest, respectively.

b. Overflow Potential
The maximum spillway discharge of 36,000 cfs, given in Para-

graph 5.2 above, has been compared with the generalized design flood criteria
as explained below. The Probable Maximum Flood for the 42,87 square mile
drainage area has been extrapolated from Maps of Probable Maximum Flood
Potential for selected sizes of drainage area (Reference 11). The smallest
drainage area for which floods have been plotted was 100 square miles. The |
extrapolation to 42.87 square miles must be considered approximate, but in- 1
dicates a PMF peak inflow of about 59,000 cfs or about 1.6 times the spill-

way discharge capacity.

T ———— e

A second criteria for evaluating a design flood is the Standard
Project Flood (SPF) which is usually about one half of the PMF. Derivations
of the SPF in the Lower Hudson River Basin are available in a report made for
the Corps of Engineers (Reference 12). Data in this report permitted inter-
polation of the SPF for an area of 42.87 square miles and indicated a flood
potential of 22,700 cfs or 63% of the spillway capacity.

5.5  EVALUATION

The estimated Probable Maximum Flood inflow of 59,000 cfs, and the
Standard Project Flood inflow of 22,700 cfs must be considered as representing
potential inflow to a reservoir from a drainage area that has little natural or
artificial storage. The Carmel Main Dam drainage area has substantial natural
storage, and to properly evaluate the relation between its spillway capacity
and the probable outflow from these design floods, it would be necessary to
develop complete hydrographs and route them through the substantial surcharge
storage. A greater refinement would require development of sub-area hydro-
graphs which would be routed through the natural storage in each sub-area.
Without these detailed analyses, it is not possible to say whether or not the
spillway capacity is adequate relative to the runoff from a Probable Maximum
Flood, but the capacity is obviously adequate to pass the Standard Project

Flood.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a., Visual Observations
Visual observations did not indicate significant problems or
major deficiencies which would represent an imminent danger to the project.

The seepage noted at left abutment contact of the main dam is
not detrimental to project safety unless it increases in quantity or the water
turns muddy.

The pronounced curvature of the top masonry courses near the
middle of the spillway is assumed to be caused by ice pressure. During
the winter of 1977~78 there was as much as 26 inches of ice in the reservoir.
The curvature might have been greater if steel rods had not been installed
to anchor these top courses. The movement of the top masonry courses pro-
bably crushed any mortar in the joints resulting in some leakage through the
joints. This is not considered a hazardous condition.

b. Design and Construction Data
No design computations or other data regarding the structural
stability of the spillway or earth embankment are available.

On the basis of the performance experience of the spillway and

earth embankment, as well as engineering judgement, these structures
are not considered to be unstable.

Although there are no design computations available, it is likely
that the spillway was designed in accordance with E, Wegmann's Text "Design
and Construction of Dams". Mr. Wegmann, at the time the dam was put in
service, was an Engineer for Construction, assigned the duty of making the
theoretical studies and calculations for the Aqueduct Commission. It is as-
sumed the spillway was designed accordingly and that its stability is suf-
ficient. It should be noted that flashboards had been previously installed
on top of the spillway without adverse effects.

Some photographs taken during construction for both the main
and auxiliary dams are included in the Report to the Aqueduct Commissioner,

1887-1895 (Reference 9).

c. Operating Records
Records of gate operation and repairs are available in the BOWS'
Section Engineer's office at the dam site. No major operational problems which
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would affect the stability of the dam were reported,

d. Post Construction Changes
Prior to 1950 water was regularly discharged over the spillway
but after the Aqueduct system was enlarged there was no regular release over
the spillway.

The top courses of stone were probably in poor condition when
they were replaced about 1951.

Before the floods of 1955, flashboards were regularly used on
the spillways of the Croton System. The flashboards have since been re-
moved and are no longer used. Holes are clearly visible on the top courses
where the flashboards had been installed.

e. Seismic Stability
The dam is located in Seismic Zone No. 1 (Reference 13) there-
fore no seismic analyses are warranted.
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SECTION 7 ~ ASSESSMENT/RECOMMENDED MEASURES

7.1 ASSESSMENT

a. Safety
The Phase I investigation of the Carmel Main and Auxiliary Dams

on the West Branch Reservoir did not reveal any unsafe conditions. The irregu-
larities and deficiencies described in Paragraph 3.1 do not constitute hazard

to human life and property. Recommendations are given, however, in Para-
graph 7.2 for improving the conditions related to these irregularities and defi-~

ciencies.

The total discharge capacity of the spillway and regulating gates
without overtopping of the dam is approximately 36,000 cfs. This is less than
the estimated probable maximum flood (PMF) of 59,000 cfs but greater than
the standard project flood of 22,700 cfs, both as determined using the Corps
of Engineer's screening criteria. The project discharge capacity is therefore
adequate in accordance with the Corps of Engineers adopted general principle
that structures be designed for the maximum flood reasonably characteristic
of the region, which is, in practice, the standard project flood.

b. Adequacy of Information
The information available is adequate for performing this in-

vestigation. In addition to the existing information and data, however, the
following items would be required for the proper operation and maintenance of

the project:

(1) Up-to-date drawings of the Auxiliary Dam,

(2) Operation and maintenance manuals,

(3) Ratings for release facilities,

(4) Systematic schedule of inspection and record of inspection,
(5) Monitoring of seepage and record of the measurements, and
(6) Schedule and record of maintenance.

Urgency
No immediate action is required.

d. Additional Investigations
Additional investigations to assess the safety of the dams and

appurtenant structures do not appear to be warranted at the present time.

7.2 RECOMMENDED MEASURES

No remedial measures are required at the present time.
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Certain measures are recommended, however, for improving the con-
ditions at locations noted in Paragraph 3.1,

a. The stonework, serving as spillway facing needs to be repaired
in order to correct the seepage condition noted at locations (L) and (M).

b. The seepage and wet conditions noted at locations (B) and (C)
should be systematically observed and possibly corrected by trench drains
or protected by filter blankets.

c. The drain system of the Auxiliary Dam should be cleaned and new
seepage measuring devices installed (Location (H)).

d. The 36-in. gate valve at Auxiliary Dam should be repaired (Lo-
cation (N)).

e. The following measures can be carried out as part of the mainten-
ance work: Removing trees and bushes, repairing minor damage and erosion
of slope protection, clearing debris, and treating animal burrows. (Locations
@A), (D), (E), (G), (1) and (K)).

f. Some of the observations, such as the minor upstream slope
protection damages at locations (F) and (J) do not require any action at pre-
sent, however periodic observations are recommended to detect potential
further deterioration in the future.

g. For monitoring the performance of the embankment it would be
desirable to reactivate the existing piezometers.
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APPENDIX A

List of Drawings Reviewed in Connection
with Phase I Investigation of Carmel Main and Auxiliary Dams

DRAWINGS

From Report to the New York Aqueduct Commission 1887-1895 (As-Built
Conditions) - »
Sheet 18 - Contour Plan of Main Dam
19 - Elevation and Section of Main Dam
20 - Elevations and Sections of Auxiliary Dam *

*
*

Plan and Sections of Auxiliary Dam Drainage System -
Sections of Auxiliary Dam (BOWS Reference No. 3916-X)

Contract Drawings: (Different from as-built conditions) (1890)
Sheet 2 - Plan of Auxiliary Dam
3 - Plan of Main Dam and Spillway
4 - Plan of Spillway
6 - Sections of Main Dam
9 - Section of Auxiliary Dam

*Drawings reproduced in this report - see Item b in this Appendix
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DOWNSTREAM SLOPE AND GATEHOUSE
(CARMEL MAIN DAM)

LEFT EMBANKMENT PORTION
(CARMEL MAIN DAM)
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DOWNSTREAM SLOPE OF SPILLWAY SHOWING
SEEPAGE FLOW [OBSERVATION (L)]
(CARMEL MAIN DAM)

| /7 L /4 w ."." "
UPSTREAM SLOPE PROTECTION. SOME VEGETATION

GROWTH IS SHOWN . [OBSERVATION (A)]
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Lr/' o N N e Alore pedee doa

r
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/l\[ /(/( f"[__, A iz (.’ ni-T.-e, e el
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¢. Downstream Slope
(1) Undesirable Growth or Debris
%// K/ ,Jn(.(..{/tw‘i-rr s ,J' AN ) — Al /k»u.’l-é(’
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() Sloughing, Subsidence, or Depressions; Abnormal Bulges or Non-

Uniformity :
fre /rro (,ecrr“'”"a Mea /‘f‘t t‘r{ ARty A

Sl din ket o ethe= i AT Pt Sl
Left woles

(3) Surface Cracks on Face of Slope Nl er~glen T

(4) Surface Cracks or Evidence of Heaving at Embankment Toe
Mrne teeco i~ (lhe mivasr fn—, nbepsien

pnentire sl o (2)

(5) Wet of Saturated Areas or Other Evidence of Seepage on Face of
Slope; Evidence of "Piping" or "Boils"

W(/‘(' brcen /'~/ A/'/l Lo “"( Gt 1 e I PrsTPrn— o <

A Ao — Dr X el fofS ol P . Wk

Atcoe, c o Ils Aot e,

(6) Fill \Contact with Qutlet Structure e
Mo peiTloainss By clens—

(7) Condition of Grass Slope Protection

A rtscllc, Yzl ntAasarAacrae
Vv . /

d. Abutments

(1) Erosion of Contact of Embankment with Abutment from Surface Water
Runoff, Upstream or Downstream

e ecr 2 gf e LA mate AV e b |

/J/{,g-r:.e, 0-:[i a A~ 4""\}} ..—fr'f L1, |
T T / : |

(2) Springs or Indications of Secpage Along Contact of Embankment
- with the Abutments

fm/w’ s el Aetgoc e 2 L AF et A e T~
AMMW ¥ A, frm—« errlpe £ 1t _a Drief
L o Vadl /rxP’ '/(“n"“/m-&n/’f‘ Ao b'r'/’v'fr‘-r ooy
Ths venlt o ped o lhe /M/)w_. .,(m\,.
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(3) Springs br Indications of Seepage in Areas a Short Distance
Downstream of Embankment - Abutment Tie-in

Jpue et Geran A Ol MoaA — 1D
CLAOA or /w.:p' e Wad .~ o Aloms
: Q_, 1/4#6%%{; //(:T/v: ‘ _("c: ¢ ey }-'} /aa,:',;"({f—u-; AAm
e. Area D‘ownstream of Embankment, Inclxiding Tailracé Channel g
W, el -enrdbbltle ot ¢ A Mwol oA anw, Aeate :

 Mpern YlrcArtrg ol Datl Aeoand e 3L v lowg
/ V T T

(1) Localized Subsidence, Depressions, Sinkholes, Etc.
- NMew

(2) Evidence of "Piping" or "Boils"
S/l

(3) Unusual Presence of Lush Growth, such as Swamp Grass, etc.

VD jonssree A veredzds it
v

(4) Unusual Mu 'dy Water in Downstream Channel

A0

(5) Sloughing or Erosion

O smeny ol 2¢ 05 TS

(6) Surface Cracks or Evidence of Heaving Beyond Embankment, Toe
A e

A A BN e e T =
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(7) Stability of Tailrace Channel Sideslop%m el
o IR e wa) \/ ot AL A T ped (e s
/n’b!—o:’( . Ak
(8) Condition of Tailrace Channel Riprap
/l’(/a fr'ﬁ-rﬂ.'f) ‘

(9) Adequacy of Slope Protection Against Waves, Currents and Surface
Runoff

//./c:f—"- - e /a-f' W/(‘ plit oA ey e

(10) Miscellaneous e ;rr': Lo e e s ks e

2ltrnt i W //r/r)C A 2t

]

. i 7
f. Drainage System :‘,r P ton o e /éM € s :,/lfr_ »/‘vu/

A 'VLZ f‘ /14&4“’ L"/ hn 2 /'// ‘! e lo He tm A~ Ly vom

S Y [ L

(1) Condition of 'Relief Wells Drains and Appurtenances

ﬂ,e’. M‘f %;c-\, ‘[p-r/lm/ ) € ta 2D /'/’ l/m 'l\
= @ oy Riee 8 @ & 0xEa - V
é/ﬂ/ / e Rttt 4 54 __.;M'// =4 o,,’ r+= V, .

(2) Unusual Increase or Decrease in Discharge from Relief Wells

Al rells i | rpllio

4, Instrumentation

(1) Monumentation/Surveys

//n pics melte S erAd Tty
4
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(2) Observation Wells Ve

(3) Weirs st

74 M-u’m'-&r'c-«;’; A, /«a—r./-;( thtgborn. Mool
Lrtrpic A TS A~ Sheme  are ot sio/
J'{? e dbevioek. £l Eavnn AW

(4) Piezometers 3 Mmare Lata anete 3
DL At /Q/t«_/, 774,&/36 e »’;: <

I[ 2ol 8 s /'/'.--A.J"f- A Ol . 4D '//"/rfu(.--,-,v( l—:.\
V4
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(Other)

5. Reservoir

B e i i o

a., Slopes Lro Lrion. B S panada Lo 0
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b. Sedimentation _A/s suerlicazi,. 2f- teetr.re
Aol st vr e ts i

6. Spillways

a. Principal Spillway: Inlet Condition /| see Sechon 1.2.] fvr date
.. 2 ,
Pipe Conditionj’ﬁ‘z""““”“-f o fesicla Frng Cutlets’

General Remarks (include information such as recently repaired,
potential for debris accumulation, special items of note, etc.)

ﬂﬁ'e' /950 &-'t-/“r 'é“="¢ 78 /c"r:-’r J/c‘f,’-”d_n:;» of o1 7; (/’7/&' z<,
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fossilie o se i gnd ff//f e e Tou prmteaiee Loverscs
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b. Emergency Spillway. General Condition 7/ s 7"(’(’:/7/"“ CTrra Surace -
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A 2 {’/r'.) & et
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f/o-cwnr d'rmz Doc "/'/—u/ Seer Yice /I-"/(,,er e Focee i 7o L{r'-".»-,u.:'z

ﬁ)/le hA 7/‘4( Lis, ovie, ('.11' N:;‘.ﬂf /f." /..;lcg_ _7’;.’.5»; f/'c ;,c-:_.;: |/; mies
17e [stecr Ceterses,

M/p; -,47 //4‘/1 écﬁ ras [olre w;ré/(: /5:,}‘4,( Lo foyien, //:‘:'-.(’.
lr . , p
% 4 Steel veds arc aly yisille on Fhe %2y chies a¥rvr-. br
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=
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7. Structural (if required) See Attached Appendix
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8. Downstream Channel

a. Condition (obstructions, debris, etc.) ?ﬁfc Mﬂ’éf/t‘im} C/M/)C o#

T man f’ﬁ"/"fl (5 ML, &r;:,e' bendfi)tcong sn bk CerdTom )/;g_“

W E? N2 /c/c.ct,ntu [4 (':_.o—;\'//g{., (’ /r?;,—;/,/;l - /‘/./.1./)14‘.:/ . é/w{"\
Ll?2 lecms doorhnncok sy ¢lgnscl b Spnt Ta Lread
trf Gen /L.’."fft.tc)z.:u’cnjfg . S
b. Slopes i 4 .

c. Approximate No. Homes and Population

d. General

9@”\:&»\ S‘So/éﬂﬁf
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STRUCTURAL INSPECTION CHECKLIST

PHASE I DAM INSPECTION
Dam T}fz— zarth fill poith Cerder nusoy corc. Jicre an’

1. Concrete Surfaces /10 <xposed Concrele Surfaces. mJ://wcu/ walls ind

lnuonstecam face are /uu/w//ﬁ PLSAyy blocks . 77~L$Trexzm bed ae/&f-) Jic S}///ud.«.
15 Ml)/q kra‘/r’r lod bj IICJ(VQJMVHLQ 72; mase » ry Acl, ¢ /_/)/wu; In 4—-¢/ Cﬂ ‘07/:7\/
2. Stx"uctural Cracking_ A §//u.c-/urr/ (M(/(,\r e wisible

7/

3., Move nt - Horizontal and Vertical Alignment Feve IS no aoptren ‘c/ange 17
| > /mm(.a.c or VerTical a(umn'-n”fof The S'/’!/lwtl/ (,((‘—, r ;ér

7‘7@?«:’/’ I'7U5~'l}"/ Cewrses Lihces ‘have Ceer ved ‘:/&4/1. [7 dfa.dhf-r-‘.’- M Agcw‘fc

0f wce precsire,
4. Junctions with Abutments or Embankments_7. -1~ /s & lat- - se (7T, 475 7y i,

and downistream recw G bes o T LM"Z""?" of Zhe elleay oo ’{[‘:
~ & . = . 7
N1~ €t {f(?.aﬂtéﬁ?,&rj. ’ ;

S. Drains - Foundation, Joint, Face ,,q'/_; .’/Mc st wundor YY) Seille v(l'/
[ ‘/ . ; @ -- \ .
pbucelune daz visiiic ar (ndicated e The dracoings

6. Water Passages, Conduits, Sluices In o ddileeri B Tjic tusilen G aidis ¢ Theed
MQ}'C’L?: 2 [/ﬁ: &c/::'wncff fhtﬁ;:h;/t/ (i 5€S vk Zor 15 cloce Jomrcod ;4‘07( Torc
éa?‘c beirse inte 77: C/-(M,ur( 4‘%1(2 heral e tvest? Braniafl o7 f/c (oo Son Kvey

7. Seepage or Leakage /- .itC (€ S¢m € loa \,u:e fr ot 7‘/» iy of The top
haSenry (orerses q;gcm/j;, vy The sl r/ e S/m//a)djr/

8. Monolith Joints - Construction Joints Tlcre arve ho Croucr. Te S*riuciures—

L MWJA¥4 ;01'7{5 O CrnG fu(/'/c‘,l .[CH?;{jA

9. Foundation Al A2sar: "fjrrp/)/e)n . Steee Acn.tc a? A6risTt es me

bdse 07[ 5,0///«/&(1 ‘s S'ow-w/ and S/.ru; ho _C/rn of meoverneyr >
or cmc/@m
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10. Abutments Thive are  No St brval (Canrrcl‘c) d/m/»uwu/f.

~11. Control Gates Theve are "o s‘ﬁucﬁwﬂ/ ’mfro/dlfz’f ca Jde ,f)///wa]
Theve 16 4 O2te hevce on e loFt side of The rm//, ., whiel fag
é@‘/h 23 Stréam dod dewrnstream refa Ca ﬁn\ (See 4.3 /)
12. Approach and Outlet Channels_  (/atey loakiens Yhpe #22 C’Ji//w47 el
on /Lzm/q cttne stens tonlawncd betbveon cerved w:rﬁwﬂl/; e

- shream bed " devectly dlo. auslrcim is protocted by hsavy i

/ s
13. Stilling Basin — ‘ﬂfrc /f ho 571/////"-’1’ lﬁS“’l ; :
A 7

14. Intake Structure 7here (5 no yntike strectere. The go le e c¢
lL" (3 LL/?S"‘N:,&/»I ' f-c’fu{,[r‘ J‘I('q . /ﬁuo 24 ”"(:0 2 Wﬁ%,
J/]c,\a—é..f( sluwice m'?/es /

Yo o il fr e 7‘

15. “Settlement_ V> ﬁ T cront er srqm rcam I setfle ricr

07£ pc 5/’///’1’fll<j S"'Ll/t("lﬁlf'

16. Stability Mo Stabil s Caw:)&oc(a,-&ov{ s ¢ avalzole
a. Overturnmg.‘) for fic sbtllway Structicc.
i 7 % - .
b. SIIding f-A/O S{ZA;I/"_L. Cc"r)l‘,')“'f,}v VVen$ gre '("-!'LIVC_’(‘/ 'r{:r /f’ﬁf{: i

c. Seismic ‘ Afff"r Lo years 07[ sy [ro0n — o»€

o
17. InStrumentation) St EcESstry
a. Alignment ?7 Mone /n§ﬁ’tt’/cc{
b. Uplift |

c. Seismic
18. Miscellancous__ (Ac el [ervcr Por T2 C‘/[ ctfézmisf/cmn
gp///u/rtu 7’::66 ffr Jea L% n.‘f/nt.q-r.«-»‘u, jc/‘n 7£ w,(;w réessriectr
/’éré’/ {f 12ce 5"/&/[) '/7 (rest. 5
Extstive leal se slewdl be chserved yeselar ly 1o see
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